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NEOGENE TECTONICS AND GEOMORPHOLOGY OF THE
EASTERN UINTA MOUNTAINS IN
UTAH, COLORADO, AND WYOMING

By WALLACE R. HANSEN

ABSTRACT

A recent reevaluation of the Bishop Conglomerate in the Eastern
Uinta Mountains region helps clarify how the conglomerate relates
to the Browns Park Formation and, in turn, how both formations
relate to middle Tertiary tectonic activity and late Tertiary and
Quaternary drainage adjustments. Field relations indicate widely di-
vergent histories for the two formations: They are separated in their
type areas by great topographic discontinuity, but east of the Uinta
Mountains, between Cross Mountain and Maybell, Colo., the Browns
Park lies directly on the Bishop.

The Bishop Conglomerate is roughly coextensive with the subja-
cent Gilbert Peak erosion surface; the Bishop was deposited on this
broad pediment soon after the surface formed, perhaps while the sur-
face was still forming. In many places, however, mountainward parts
of the surface are bare rock. These places and the adjacent mountains
were the sources of the conglomerate. The site of Browns Park,
which lies in the axial region of the Uinta anticline, was part of the
crest of the Uinta Mountains when the Gilbert Peak surface was
forming.

On the high proximal margins of the pediment, especially on the
south slope of the range, headward parts of the surface penetrate
deep into the range as flat-bottomed, alluviated remnants of dendritic
valleys. Basinward, these valleys coalesced, and at one time they
must have formed a continuous bajada around the north, east, and
south margins of the range. A long period of crustal stability was
needed to develop so broad and uniform a plain.

Nearly flat to rolling uplands 180 m or more above the Gilbert
Peak surface and the Bishop Conglomerate at various places in the
Eastern Uinta Mountains are regarded as remnants of a truncation
surface higher and older than the Gilbert Peak surface. Remnants
of this surface, here called the Wild Mountain upland surface, are
preserved on Wild, Diamond, Douglas, Blue, and Cross Mountains
and perhaps on summits farther west. They consist of resistant bare
rock, and they truncate subjacent formations without regard for rock
structure. The Wild Mountain upland surface probably is Eocene in
age. It probably formed in the mountains while the thick Eocene
alluvial and lacustrine deposits of the Wasatch, Green River, Bridger,
and Uinta Formations were accumulating in the adjacent basins.

The Gilbert Peak erosion surface is regarded as Oligocene. Biotite
and hornblende separates from tuffs high in the superjacent Bishop
Conglomerate have recently been dated by the K-Ar method at 29
m.y. (Oligocene). These tuffs overlie most of the coarse conglomerate,
but they are interbedded with and overlain by loose, poorly sorted
pebbly sandstone that resembles some sandstone in the Browns Park
Formation. This similarity has led to past correlations of Bishop with
Browns Park in the Eastern Uinta Mountains. Some part of this
sandstone sequence might be equivalent to the Browns Park Forma-
tion, but differing physical properties suggest that it is not.

With Laramide uplift of the Uinta Mountains, initial drainage was

away from the mountains, and coarse orogenic deposits accumulated
at the flanks. By middle Eocene time, however, during deposition
of the Laney and Parachute Creek Members of the Green River For-
mation, a hydraulic connection probably existed between Lake
Gosiute, on the north side of the range, and Lake Uinta, on the
south side, as suggested by several workers, but the connection was
blocked by the rise of the Axial Basin anticline at the end of Eocene
time. The Gilbert Peak erosion surface was cut only after strong
orogenic and epeirogenic uplift had warped the floors of the Tertiary
basins enough to produce slope gradients sufficient to start erosion
and pedimentation. From a late Eocene height of about 300 m above
sea level, the basin floors rose to about 1,200 m by middle Oligocene
time, at a rate of about 20 cm per thousand years. The mountains
were perhaps 3,000-3,700 m above sea level. At that time, the Green
River Basin probably had an outlet east toward the North Platte
River. .

Renewed deformation, beginning in late Oligocene time, termi-
nated deposition of the Bishop Conglomerate and initiated far-reach-
ing drainage changes. The south flank and the crest of the Eastern
Uinta Mountains were tilted northward at a rate of about 28 m/km,
lowering the crest about 1.6 km and reversing the directions of
streams that formerly flowed south; the tilting also had an easterly
component of about 9-11 m/km. The north flank was warped and
tilted to varied attitudes, mainly by movements of blocks between
the Uinta-Sparks fault zone and another fault zone along the north
and northeast sides of Red Canyon and Browns Park. Much of this
tilting was southward. The inward tilting of both flanks triggered
eastward drainage through the Red Canyon-Browns Park area along
the future course of the Green River. As a result of tilting and warp-
ing, the Gilbert Peak erosion surface was lowered 520-975 m on the
north flank by gravitative movement along the Uinta fault. New trib-
utary drainage on the north flank was directed south where previous
drainage had flowed north.

Meanwhile, subsidence in the easternmost Uintas and the western
part of Axial Basin lowered the Bishop Conglomerate sufficiently
over wide areas to produce a topographic and structural trough in
which the Browns Park Formation soon began to accumulate. In that
area the Browns Park Formation was deposited directly on the sub-
sided Bishop, but in other places, such as Red Canyon and Browns
Park, it accumulated in canyons and valleys tens to hundreds of
meters below nearby Gilbert Peak and Bishop remnants. Regionally,
the Browns Park Formation thus has a random relationship to the
Bishop Conglomerate. Deformation continued during and after the
deposition of the Browns Park Formation, but at a reduced and di-
minishing rate. Most of the tributaries of the Green River
downstream from Flaming Gorge were essentially in their present
courses before the Browns Park Formation was deposited.

The Browns Park Formation continued to accumulate in Browns
Park until the old valley was overtopped at the site of Lodore Canyon
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2 NEOGENE OF EASTERN UINTA MOUNTAINS

in late Miocene or early Pliocene time. This concept calls for a much-
thickened Browns Park Formation, but the evidence seems irrefuta-
ble. Drainage that had flowed toward the downwarp at the east end
of the Uintas now spilled south toward the Uinta Basin, eroding
through the Bishop Conglomerate on the south flank of the range
and superimposing itself into the underlying older rocks, where it
ultimately cut its canyons. Because of the wide distribution of the
Bishop on the rims of the canyons, there can be no doubt that the
drainage was superimposed through it. Upstream, drainage reinvigo-
rated by its diversion to a steeper course to the Uinta Basin, eroded
rapidly downward and headward, eventually capturing all the runoff
of the Green River Basin.

Drainage, meanwhile, was evolving in the Yampa River area. Like
the course of the Green, the course of the Yampa in the Uinta Moun-
tains is younger than the Bishop Conglomerate. Upstream from the
Uinta Mountains, however, an ancestral Yampa River was transport-
ing pebbly gravel from the Park Range into the Lay-Maybell area
before the main body of the Browns Park Formation was deposited.
This gravel is the true basal conglomerate of the Browns Park For-
mation, and it is younger than the Bishop Conglomerate. With the
tectonic subsidence of the Eastern Uinta Mountains following deposi-
tion of the Bishop, the Lay-Maybell-Browns Park area became a
stilling basin for the accumulation of the dominantly fine-grained
lacustrine and eolian deposits of the Browns Park Formation. These
deposits probably had varied sources, but much of the sand might
have come from the Bishop, winnowed out by deflation. The abun-
dant tuffs of the Browns Park Formation probably came from volean-
ic centers far to the west.

Drainage through the Yampa Canyon area must have existed when
the basal conglomerate of the Browns Park Formation was ac-
cumulating, but the canyon at that time was shallow and juvenile.
The canyon deepened later when runoff was reinvigorated; the time
of this deepening can only be surmised, but downcutting and en-
trenchment would have been greatly enhanced by the spillover of
the Green River into Lodore Canyon and the resultant rejuvenation
of the drainage system. The present course of the Yampa through
Cross Mountain Canyon and Juniper Canyon is an accident of
superimposition following deposition of the Browns Park Formation,
as first postulated by E. T. Hancock many years ago.

The most significant postulated drainage change in the Uinta re-
gion, in terms of the total budget of the streams involved, and proba-
bly also the most recent, was the diversion of the Upper Green River
from an ancestral easterly course across the Rock Springs uplift in
middle Pleistocene time. The river was flowing about 200 m above
its present level at Green River, Wyo., at that time and only about
210 m lower than the present Continental Divide at Tipton, Wyo.
Some post-diversion uplift of the Continental Divide, therefore, is
required—warping up to the east at a rate of about 1.8 m/km, or
about 3.1 mm/km/10® yrs. Similarly, the Continental Divide at Tipton,
since the postulated diversion, has risen at a rate of about 475 mm/10%
yrs).

Canyon profiles in the Uinta Mountains indicate reentrenchment
of the Green River since the initial cutting of its eanyons. Downeut-
ting had slowed, and the river had begun to widen the valley floor
after Lodore Canyon was cut to a depth of about 460 m. Rejuvenated,
the river then cut an additional 245-300 m to its present level. Cross-
canyon profiles now show a downward-steepening slope break about
245-300 m above the river. Regional uplift, perhaps in response to
unloading, could have rejuvenated the entire drainage system
through the mountains, or the capture of the Upper Green River
in middle Pleistocene time could have caused reentrenchment by
greatly increasing the discharge and competence of the system. Both
uplift and capture may have been involved. Continued episodic
downcutting and presumed uplift are indicated by Quaternary ter-
races.

INTRODUCTION

A recent reevaluation of the Bishop Conglomerate in
the eastern part of the Uinta Mountains of Utah and
Colorado helps clarify how the conglomerate relates to
the Browns Park Formation and, in turn, how both for-
mations relate to Tertiary tectonic activity and late
Tertiary and Quaternary drainage adjustments. Field
relations indicate divergent geomorphic histories for
the two formations, yet over broad areas they are
nearly coextensive and, as will be shown, the Browns
Park locally rests directly on the Bishop. This latter
relationship has led to the widely held but contentious
belief that the Bishop is merely the basal conglomerate
of the Browns Park Formation, a hypothesis first ad-
vanced by Sears (1924a, p. 289) but later vigorously
disputed by his associate Bradley (1936, p. 182) and
subsequently by others. Although Sears abandoned the
idea, it has been revived in recent years, and it now
appears that Sears was at least partly correct—correct
in identifying as Bishop the thick conglomerate beneath
much of the Browns Park Formation but incorrect in
assigning it to the Browns Park. Some of the conglom-
erate beneath the Browns Park Formation surely is
Bishop, but a hiatus is indicated between the two for-
mations. Sears, moreover, showed that the Bishop is
stratigraphically below the Browns Park and, hence,
is older. The Browns Park is now well dated as largely
Miocene; the Bishop is Oligocene. Earlier geologists
had thought the Bishop to be the younger, and some
of Sears’ contemporaries had even believed that the
Browns Park was a facies of the Eocene Bridger For-
mation, despite the fact that Powell (1876, p. 168) had
described the unconformity between the Browns Park
and the Bridger many years before. In their type areas
the Bishop and the Browns Park are separated by
great topographic discontinuity, the Bishop capping
high mesas and the Browns Park filling deep adjacent
valleys. Because of its wide geographic extent and rela-
tively uniform character, the Bishop is an excellent
datum for use in reconstructing tectonic and geomor-
phic events in the Uinta region.

REGIONAL SETTING

The area discussed in this report centers around the
eastern part of the Uinta Mountains—here called sim-
ply “the Eastern Uinta Mountains”—and includes parts
of the adjacent Tertiary basins in Utah, Colorado, and
Wyoming (figs. 1 and 2). For a clear understanding of
regional geographic relationships in this broad area, the
1:250,000-scale topographic maps of the Vernal and
Rock Springs quadrangles are invaluable aids. These
maps are culturally obsolescent, but they portray well































































BISHOP CONGLOMERATE 23

the Maybell-Elk Springs area or to the fresh vitric,
crystal-poor, mafic-poor tuffs of the Browns Park For-
mation in the type area. These tuffs are much younger
than any known in the Bishop.

I suspect that deposition continued without much in-
terruption on the south flank of the Uinta Mountains,
generally fining upward, while the sands were ac-
cumulating above the conglomerate. Locally steep dips
in the Pot Creek area suggest eolian deposition. Depo-
sition ended when tilting and faulting changed the hy-
drologic regime and initiated dissection. At the east end
of the range, however, large-scale subsidence produced
a structural sag that provided catchment for sediments
throughout most of succeeding Browns Park time. In
Browns Park itself, several million years elapsed after
deposition of the Bishop Conglomerate before the
Browns Park Formation began to accumulate, and a
great deal of geomorphic history intervened.

TUFF

Tuff was introduced at times into the Bishop Con-
glomerate, explosive volcanism being widespread dur-
ing that period in the Western Interior (Axelrod, 1981,
fig. 2). Datable tuffs on Diamond Mountain and the
Yampa Plateau provide clues to the minimum age of
the conglomerate. Southern Utah and central Nevada
are possible sources (Rowley and others, 1975, p. BY;
Burke and McKee, 1979, p. 183). Biotite and
hornblende from a sample collected above the main
body of conglomerate by Glen A. Izett and me in the
SWV sec. 13, T. 2 S., R. 23 E., have radiometric potas-
sium-argon ages of about 29 m.y. (biotite, 29.50+1.08
m.y.; hornblende, 28.58+0.86 m.y.) as determined by
Harald H. Mehnert of the U.S. Geological Survey,
using the following constants:

K A=0.581x10"Yyr \3=4.962x10"%yr PK/K=1.167x10"

The height of this tuff above the base of the conglomer-
ate can be estimated at about 90 m if the dip (3° NNE.)
is projected northward to the outcrop from the basal
contact at the rim of Diamond Mountain Plateau and
if corrections are added for about 30 m of displacement
on intervening faults.

This tuff bed and others overlie most of the conglom-
erate, but they are interbedded with and overlain by
loose, coarse-grained pebbly sandstone. Some of the
sandstone might be appreciably younger than the dated
tuff, therefore, and might be temporally equivalent to
some part of the Browns Park Formation. The lower,
coarsely conglomeratic part of the formation, however,
could be appreciably older than the tuff;, its maximum

possible age is limited by the subjacent Duchesne River

Formation. Emry (1981) has suggested that the verte-
brates of the Duchesnean land mammal age are partly
Eocene Uintan (Brennen Basin Member of Andersen
and Picard, 1972) and partly Oligocene Chadronian
(Dry Gulch Creek and Lapoint Members of Andersen
and Picard, 1972). The Lapoint Member underlies the
Starr Flat, which in turn may be equivalent to the
Bishop Conglomerate.

The dated tuff is light gray, compact, firm, and
flecked with abundant euhedral biotite, much of which
is coarser than 0.5 mm across (Hansen, 1965, table 3).
The tuff is further distinguished by abundant crystal
fragments of feldspar and quartz aggregated with clay,
by abundant euhedral hornblende, and by euhedral py-
roxene and magnetite commonly adhering to glass
shards. The euhedra are deeply etched, and the shards
are partly altered to clay. Zircon forms inclusions in
the feldspar. What might be the same tuff bed was
sampled by Winkler (1970) and dated by Damon (1970,
p. 52) at 26.2+0.7 m.y. (biotite). A tuff near the Har-
pers Corner road in Dinosaur National Monument is
finer grained and rather more altered but is similar in
most other respects.

These tuffs resemble the tuffs in the lower part of
the Browns Park Formation in the Little Snake River—
Maybell area (Izett and others, 1970, p. C151). This
resemblance is the chief reason why the Bishop on the
south flank of the Uinta Mountains had been correlated
with the Browns Park Formation in recent years (Kin-
ney and others, 1959; Hansen and others, 1960; Unter-
mann and Untermann, 1965).

A tuff collected by Winkler on the Yampa Plateau,
about 37 m above the base of the Bishop, was dated
by Damon (1970, p. 52) at 41.3+0.8 m.y. from a biotite
separate. The biotite was brownish black and slightly
resinous (Damon, p. 53), which suggests incipient alter-
ation (Mauger, 1977, p. 23). I am inclined to discount
this date because of its wide disparity with the ages
from the nearby Diamond Mountain localities and be-
cause of contradictory geomorphic evidence for the age
of the Bishop. This date lies within the age of the saline
facies of the Uinta Formation at Duchesne, Utah
(Damon, 1970, p. 51; Mauger, 1977, p. 19, 32), and is
close to the age of the Green River-Uinta Formation
boundary in the western Uinta Basin. A correlation of
the Bishop with these rocks is improbable. The Eocene
rocks on both flanks of the Uinta Mountains are deeply
truncated by the Gilbert Peak erosion surface, includ-
ing the Wasatch, Green River, and the Bridger Forma-
tions and probably the Duchesne River Formation, and
an enormous amount of post-Green River erosion took
place before the overlying Bishop was deposited.
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PHYSICAL GEOGRAPHY AT THE
ONSET OF DEPOSITION OF THE
BISHOP CONGLOMERATE

When the Eocene lakes disappeared from the basins
bordering the Uinta Mountains 4540 m.y. ago
(Mauger, 1977, p. 37), they were supplanted by alluvial
plains. A detailed discussion of this complex transition
is outside the scope of this report, but a brief summary
might help place into perspective the middle Tertiary
events that followed. Ryder and others (1976, p. 511)
aptly described the extinction of Lake Uinta south of
the Uinta Mountains in just two sentences:

Following the deposition of strata containing the richest oil shale of
Lake Uinta, the water became hypersaline, and the remaining oil-
shale and mud-supported carbonate units are therefore associated
with sodium-rich evaporite and Magadi-type chert beds. By late Eo-
cene and early Oligocene time, the last vestiges of Lake Uinta were
buried by coarse alluvial sediments (Uinta and Duchesne River For-
mations) derived mainly from the Uinta uplift.

West of the present Uinta Basin, Lake Uinta per-
sisted locally, as a freshwater lake, into Oligocene time
(Weiss, 1982), but as the basin gradually filled with
sediment, its rim was overtopped to the south, and
drainage was southward out of the basin from that time
on (Hunt, 1969, p. 94). The disappearance of the lakes
was accompanied by climatic cooling that Roehler
(1974, p. 58) has suggested was triggered by volcanism,
a concept recently emphasized in a broad sense by
Axelrod (1981) for the whole of the Western Interior
during Cretaceous and Tertiary time. Roehler (written
commun., 1983) cites evidence of worldwide cooling 38
m.y. ago. Tectonism probably was a factor also. A con-
tinued rise of the Uintas and other Rocky Mountain
uplifts surely would have altered the local climate.

The extinction of Lake Gosiute north of the Uinta
Mountains in middle Eocene time was caused by
sedimentation in a lake that was a playa most of the
time, in the view of most investigators (Eugster and
Surdam, 1973; Bradley, 1973; Eugster and Hardie,
1975; Surdam and Wolfbauer, 1975; Surdam and Stan-
ley, 1979), although Desborough (1978) and Boyer
(1982) have recently raised doubts about the playa-lake
model. At any rate, the last major stage of Lake
Gosiute (the Laney stage) was predominantly fresh
until its disappearance and must, therefore, have had
an outlet, presumably south into Lake Uinta (Bradley,
1929, p. 89, 1964, p. A2; Roehler, 1965, p. 147; Surdam
and Stanley, 1979, p. 101, 105) by way of the Sand
Wash Basin. A physical connection at times between
the two lakes, moreover, is indicated by their common
fish faunas.

One or the other or both of the lakes probably
drained east at times to the Mississippi Valley. If Lake

Uinta received the overflow of Lake Gosiute, it in turn
may have drained east across Colorado during its fresh-
water stages via some unknown outlet to the Missis-
sippi Valley, where the affinities of the well-known fish
faunas of the Green River Formation chiefly lay. The
numerous gars, catfish, perches, bowfins, paddlefish,
mooneyes, herrings, and perhaps sunfish (Pris-
cacaridae) (Grande, 1980) were all members of eastern
American families (Miller, 1958; Uyeno and Miller,
1963), none of which is indigeneous to the Colorado
River system, and most of which are unknown in the
Eocene faunas of the Pacific Northwest (Grande, 1980).
If these fishes entered Lake Uinta from Lake Gosiute,
rather than vice versa, the chief high-water outlet of
Lake Gosiute might have been east across Wyoming
to the Mississippi. Such easterly overflow might have
followed a rise of both lakes to a common high water
level. In either event, the fish faunas suggest that the
Continental Divide in Eocene time was west of the
Green River lakes and the Uinta Mountains, a likeli-
hood that is compatable with Eocene paleogeography.
The Colorado River system at that time did not yet
exist. None of the 14 species of fishes native or endemic
to the present Upper Colorado River system (Behnke
and Benson, 1983), moreover, had progenitors in the
Green River lakes except, perhaps, the wide ranging
suckers (Catostomidae), which are Nearctic in their dis-
tribution. The indigenous Salmonidae (trouts) and Cot-
tidae (sculpins) of the modern Upper Green River and
the Columbia are known in North America from the
Eocene (Miller, 1965; Patterson, 1981, p. 276) but are
not present in the fish fauna of the Green River Forma-
tion.

A contributing cause of the disappearance of both
lakes was a decrease in tectonic downwarping, which
enabled depositional filling to overtake subsidence. The
Uinta Mountains, however, probably continued to rise,
as shown by the accumulations of coarse conglomerate
above the Green River Formation close to the south
flank of the mountains, in the Duchesne River Forma-
tion (Andersen and Picard, 1972). In most places this
conglomerate is gently tilted, locally to as much as 30
degrees. On the north flank at Phil Pico, a thick pile
of conglomerate contains rocks of Wasatch, Green
River, and Bridger age (Bradley, 1964, p. A53; Rowley
and others, 1979). Downwarping continued in the Uinta
Basin while most of the Duchesne River Formation was
being deposited, followed by regional uplift, probably
starting in early Oligocene time. This uplift terminated
the long depositional cycle that had begun in the basin
with the Laramide orogeny. To the north in the Green
River Basin, reelevation of the Rock Springs uplift
steepened dips locally to as much as 13 degrees after
the Bridger Formation had been deposited but before





















BROWNS PARK FORMATION

north of Browns Park near the Wyoming State line.
Some cobbles might have been reworked from Bishop
Conglomerate, but it, too, lay to the north. Thus, the
direction of drainage across the area was reversed after
the Bishop Conglomerate was deposited from the south
and before the Browns Park was deposited from the
north. The reversal was caused by regional tilting, de-
scribed in detail later. The tilting and the drainage re-
versal required a significant interval of time after the
Bishop was deposited and before the Browns Park For-
mation was deposited.

AGE OF THE BROWNS PARK FORMATION

Radiometric and fission-track datings indicate a wide
age span for the Browns Park Formation in the East-
ern Uinta Mountains region. The oldest date so far
measured, 24.8+0.8 m.y., is a potassium-argon age ob-
tained from a biotite separate of chalky white tuff col-
lected by Izett and others (1970; Izett, 1975) from the
northwest side of the Little Snake River, about 30 m
above the top of the Bishop Conglomerate, and hence

very close to the base of the Browns Park Formation.

This tuff is about 4 m.y. younger than the tuff in the
Bishop Conglomerate on the Diamond Mountain
Plateau and is approximately equivalent in age with the
lowermost Arikaree Formation of the Great Plains and
the Wyoming Basin. A much younger zircon fission-
track age of 9.9+0.4 m.y. was obtained by Naeser and
others (1980, p. 24) from vitric tuff higher in the section
at Vermillion Creek. Damon (1970, p. 52) determined
a potassium-argon age of 11.8+0.4 m.y. for glass from
a vitric tuff collected by G. R. Winkler in Browns Park
in Utah. These ages thus span about 15 m.y., the latter
two being equivalent with part of the Ogallala Forma-
tion of the Great Plains. Honey and Izett (in press)
have recently reported an additional age of 11.3+0.8
m.y.from a site between Maybell and Cross Mountain.
Whether or not deposition was continuous throughout
that time is unknown, but local unconformities suggest
episodic pauses of undetermined length. Physiographic
constraints, discussed further below, argue against
rocks much older than 12-15 m.y. existing in the
Browns Park Formation within the valley of Browns
Park.

FIGURE 19.—Water-laid tuffs in the Browns Park Formation near
Dutch John, Utah (in measured section B-2 of Hansen, 1965,
p. 121).
Top.—Well-stratified, earthy tuffs overlain unconformably by mas-
sive, vitric airfall tuff. Scale is in inches (1 in. = 2.54 em).
Bottom.—Climbing ripples, laminae in phase, suggest heavy sus-
pended load and rapid sedimentation in gently oscillating water.
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BISHOP CONGLOMERATE BENEATH
THE BROWNS PARK FORMATION IN
THE ELK SPRINGS-MAYBELL AREA

In many places east of the Uinta Mountains a thick,
loosely cemented conglomerate, here assigned to the
Bishop, lies at the base of the Browns Park Formation.
The existence of this rock has led to most of the specu-
lation regarding the relationship of the Browns Park
to the Bishop. This speculation arose, perhaps, out of
the widely held assumption that the conglomerate is
merely the basal unit of the Browns Park Formation.
Sears’ early conclusion (1924a) that the Bishop and the
basal Browns Park are one and the same was sub-
sequently challenged by Bradley (1936). This conglom-
erate has not generally been shown separately on maps,
nor has it received close scrutiny in the literature; its
detailed distribution and its relation to the Browns
Park have largely escaped serious study. McKay (1974)
assigned it to the Browns Park Formation but noted
its significant lateral differences and mapped its out-
crop separately for about 19 km west of the Little
Snake River. Dyni (1980) described it in some detail
but did not differentiate it on the map; most other
workers in the area did neither.

Evidence now indicates that two separate and dis-
tinct conglomerates underlie the Browns Park Forma-
tion in the area east from Vermillion Creek to the limit
of outcrop east of Maybell. One is indeed a basal con-
glomerate, and it passes upward gradationally into the
overlying beds (Hancock, 1925, p. 24). The other, I be-
lieve, is the Bishop, disconformable with the Browns
Park and genetically unrelated.

Sears (1924b, p. 295) actually touched close to the
heart of the problem when, in describing the Browns
Park Formation, he noted that “almost everywhere the
base of the formation is marked by a conglomerate,
which has very different characteristics in the eastern
and western parts of the field.” From Simsberry Draw
(which is just east of the Little Snake River; fig. 13)
east toward Juniper Mountain, the basal conglomerate
of the Browns Park Formation is less than 1 m thick
and has a light-gray overall tint. North of Sunbeam
it is locally nonexistent. Just east of Juniper Mountain,
near the Yampa River, it reaches about 15 m (Hancock,
1915, p. 186). East from Simsberry Draw to Juniper
Mountain, it consists of small subrounded to subangular
pebbles of mafic and felsic igneous and metamorphic
rocks, red and white quartzite, varicolored chert, and
milky quartz (McKay, 1974; McKay and Bergin, 1974;
Sears, 1924b, p. 295). Its lithology indicates a Park
Range provenance (Izett, 1975, p. 203; oral commun.,
1975).
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From the Little Snake River west toward Vermillion
Creek, however, the conglomerate changes abruptly in
thickness, color, and lithology to an aspect much the
same as that of the classic Bishop Conglomerate: “in
appearance the two conglomerates are practically iden-
tical” (Sears, 1924b, p. 289). Tracing it from the Little
Snake River to Vermillion Creek, Sears (1924a, p. 295;
1924b, p. 285) reported a maximum thickness of 90 m.
MecKay (1974) reported 15-90 m. The average might
be near 45 m. Locally, however, it is nonexistent—re-
moved, I believe, by pre-Browns Park erosion. As seen
at Sand Wash, it is a poorly sorted cobbly conglomerate
that contains abundant boulders of red quartzite and
gray limestone, some more than a meter in diameter,
mostly some distance above the base, and clearly de-
rived from the Uinta Mountains. Its overall color is
pink. Its dip is southwesterly. At the Little Snake
River, where it appears to be partly eroded, it is not
as coarse or as thick as at Sand Wash, but there also
its provenance is the Uinta Mountains, and it retains
the overall pink color.

On the southeast side of the Yampa valley, between
Elk Springs and Maybell, across the Browns Park-Lay
syncline, the conglomerate reemerges from beneath the
Browns Park Formation and forms a line of rolling hills
on and flanking Elk Springs Ridge. There it has a
northerly dip of several degrees. There, too, the prove-
nance is clearly the Uinta Mountains, although the dip
is toward the Uintas. Cobbles and small boulders of
gray limestone predominate, but red quartzite is abun-
dant, and gray chert is common. Notably lacking are
igneous and metamorphic crystalline rocks from the
Park Range. The assemblage is typical Uinta Moun-
tains material, and the texture is much coarser than
that of the Park Range derivatives at the base of the
Browns Park Formation to the east and northeast. At
Elk Springs the conglomerate is very well exposed in
a large gravel pit just south of U.S. Highway 40, where
it has a dip of about 20 degrees north.

West from Elk Springs, as the conglomerate emerges
from beneath the white eolian sandstone of the Browns
Park Formation, it flattens rapidly, then rises gradu-
ally westward. To the north the conglomerate slopes
gently into the Lily Park syncline (Dyni, 1968). Al-
though mapped as Browns Park Formation west and
north of Elk Springs (Schultz, 1918, pl. 5; Sears, 1924b,
p. 291; Dyni, 1968, 1980; McKay, 1974), it has the ap-
pearance of the Bishop conglomerate where it emerges
from beneath the Browns Park sandstones. To the west
it caps flat-topped remnants of a once broader surface
that merges farther west with the high Gilbert Peak
erosion surface of the south flank of the Uinta Moun-
tains.

CRITICAL RELATIONSHIP OF
THE BROWNS PARK FORMATION
TO THE BISHOP CONGLOMERATE

NEAR LILY PARK

Although there are thus two distinetly different con-
glomerates at the base of the Browns Park Formation
east of the Uinta Mountains, they are not of themselves
wholly incompatible with Sears’ early view (1924a) that
the Bishop Conglomerate is the basal conglomerate of
the Browns Park Formation. Exposures in the Lily
Park area, however, especially in the canyon of the Lit-
tle Snake River between the east end of the Uinta
Mountains and Cross Mountain, demonstrate the topo-
graphic and sedimentological discontinuity between the
Bishop Conglomerate and the Browns Park Formation.

West and south of Cross Mountain, at Klauson Pas-
ture, Horse Guleh (on the west flank of Cross Moun-
tain), and Twelvemile Mesa, thick terrace deposits of
conglomerate stand high above the valleys of the Little
Snake and Yampa Rivers, lapping across the older for-
mations (fig. 20; see also fig. 9, bottom). These deposits
have been referred to by earlier investigators as the
lower conglomerate unit of the Browns Park Forma-
tion, but they are here regarded as Bishop. The con-
glomerate cap at Twelvemile Mesa merges to the south
with the conglomerate of Elk Springs Ridge, which in
turn merges westward with the remnants that P. D.
Rowley, P. E. Carrara, and I mapped as Bishop Con-
glomerate along the south flank of the Uinta Mountains
(Rowley and others, 1979). The deposits on Twelvemile
Mesa and Klauson Pasture have the typical Uinta
Mountains lithologic affinities and are practically identi-
cal; the Horse Gulch deposit is largely local material
derived from the slopes of Cross Mountain, but all
three deposits are clearly correlative geomorphically
and must have once have been a continuous body of
gravel resting on one surface.

This surface, restored, has a northerly component of
slope caused by postdepositional tilt. Near the north
end of Cross Mountain it ends as a terrace, although
it once may have continued north some distance be-
neath the Browns Park Formation, just as it still does
to the south at Elk Springs. Field evidence on that
point is unclear. However—and this relationship is erit-
ical—the Browns Park Formation extends tongue-like
down the canyon of the Little Snake River at a level
lower than the outcropping conglomerate, to and
beyond the point where Klauson Pasture and the bench
at Horse Gulch project toward one another (fig. 21).
Beneath the sandstones of the Browns Park Formation
at that point, a well-stratified, horizontally bedded
basal conglomerate about 5 m thick rests on a bedrock
terrace cut on the Glen Canyon Sandstone about 50 m
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DEFORMATION

The principal structural features of the Eastern
Uinta Mountains and adjacent areas are ploted on fig-
ure 25. The mountains first arose in latest Cretaceous
time when the old Western Interior seaway drained for
the last time. Tectonic events since that time, and cor-
responding geomorphic and sedimentologic events, are
summarized in table 2. In a study of the sedimentary
history of the Uinta Basin, Ryder and others (1976,
p. 510) noted deformation of the Cretaceous coastal
plain and closure of the Uinta Basin in latest Creta-
ceous time, accompanied by the rise of the Uinta Moun-
tains. The easternmost Uinta Mountains region appar-
ently was structurally low as late as Maastrichtian
time, inasmuch as marine Lewis Shale has been recog-
nized in the No. 1 Raeder-Government test well drilled
on the Dry Mountain anticline in sec. 29, T. 9 N., R.
99 W., Moffat County, Colo. (Ritzma, 1965b, p. 135).
The western part of the range began to rise earlier,
when the Maastrichtian, orogenic Currant Creek For-
mation (of Walton, 1944) was deposited on the early
Campanian, pre-orogenic Mesaverde Formation (Wal-

ton, 1944, p. 126). According to Bruce Bryant (written
commun., 1983), the Currant Creek contains clasts
from the Uinta Mountain Group. Between these two
areas, strong early Laramide uplift of the east-central
part of the range is indicated at Goslin Mountain,
where the late Campanian Ericson Sandstone was over-
turned and faulted before the Fort Union Formation
(Paleocene) was deposited. If the Lewis Shale was ever
deposited there, it was removed by pre-Fort Union ero-
sion. Obvious chips of Mowry Shale and probable gas-
troliths from the Morrison Formation or the Cloverly
are preserved in the Fort Union conglomerates at Gos-
lin Mountain. Their presence indicates 2,400-3,000 m
of erosion off the Uinta anticline by Paleocene time
(Hansen and Bonilla, 1954, p. 11; Hansen, 1965, p. 170).
No really coarse debris was shed from the Eastern Uin-
tas at that time, but little rock hard enough to yield
coarse debris had yet been exposed.

By Wasatch time (early Eocene) the eastern part of
the range was eroded to its Precambrian core, as cob-
bles from the Uinta Mountain Group accumulated in
the main body of the Wasatch Formation north of Clay
Basin (Hansen and Bonilla, 1954, p. 11; Wiegman, 1964,
p. 41) and in the Tipton Tongue of the Green River
Formation southwest of Vermillion Creek (Sears and
Bradley, 1925, p. 97; Ritzma, 1955, p. 38). Just north
of Manila, near the Henrys Fork fault (fig. 25), the
Wasatch contains very bouldery conglomerate derived
from most of the resistant formations in the nearby
mountains down to and including Mississippian rocks.
The clasts appear in the Wasatch section in the reverse

order of their original stratigraphic positions. The
coarseness of these deposits suggests a nearby source
higher than the present Uintas. One limestone boulder
3.3 m across must have been traveled at least 13 km.
Major uplift of the Uintas during Tipton time may have
coincided with movement on the Henrys Fork fault
(Anderman, 1955, p. 131), with renewed movements on
the Uinta fault north of Goslin Mountain, where the
Fort Union is faulted against the Uinta Mountain
Group (Hansen, 1965, p. 170), and with the flood of
coarse debris into the Tipton near Vermillion Creek
(Schultz, 1920, p. 31; Sears and Bradley, 1925; Ritzma,
1955, p. 39). The Laramide orogeny apparently ended
in the Eastern Uinta Mountains after the youngest Eo-
cene rocks had been deposited, including the bulk of
the Duchesne River Formation, whose upper member,
the Starr Flat Member of Andersen and Picard (1972),
is conglomeratic near the mountains. The Starr Flat
Member probably is Oligocene (Andersen and Picard,
1972, p. 16; Emry, 1981). The range then lapsed into
a long period of quiescence, during which the Gilbert
Peak erosion surface began to take form. On the south
flank of the Uinta Mountains, however, the Starr Flat
Member(?) rests unconformably on a truncation surface
that might be the Gilbert Peak erosion surface. If so,
the surface may have begun to form in late Eocene
or early Oligocene time. Basinward from the mountains
the Starr Flat Member apparently intertongues with
the subjacent Lapoint Member of the Duchesne River
Formation (of Andersen and Picard, 1972, p. 15-16).
Perhaps the Starr Flat and the Bishop are isochronous.

Compressive Laramide severing of the Uinta anti-
cline from its root has been suggested by several work-
ers, as noted by Hamilton (1981, p. 90). Stokes (1976)
and Sears and others (1982, fig. 5) have postulated a
Precambrian aulacogen, which may subsequently have
influenced Laramide and later Tertiary structural
trends. Regional northward tilting in a similar mode
in Late Proterozoic (?) time (Hansen, 1977a) and strati-
graphic thickening along the Uinta Mountains through
parts of Phanerozoic time (Hansen, 1965) seem to sup-

port the aulacogen concept or, at least, the probability
of an east-trending structural trough bounded by faults.
Bryant (1985) has summarized evidence of an east-
trending continental margin along the site of the Uinta
Mountains in Archean time. This margin might have
affected tectonic events through much of subsequent
geologic time. Bryant’s concept does not contradict the
evidence of a later east-west trough along the Uinta
trend. )
Laramide propagation of fracturing beneath the
flanks of the range (fig. 26, inset) might best be visual-
ized as underthrusting due to crowding of the thick
prism of Uinta sediments between the Colorado Plateau
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TABLE 2.—Summary of Tertiary and Quaternary tectonic, geomorphic, and sedimentologic events in the Eastern Uinta Mountains
[See figure 25 for locations of tectonic features]
&
ey
88 Tectonic events Geomorphic and sedimentologic events
56
a
Terracing of stream valleys and continued drainage adjustments; superposition and entrench-
Normal faulting along Diamond Guich and along Pot ment of Bull Canyon.

> Creek. Diversion of Sheep Creek into present subsequent course.

£ |Latest movement along Sparks fault, down to the | Superposition of Swallow Canyon in Browns Park.

§ northeast. Beheading of Irish Canyon and diversion of Vermillion Creek.

@ |Rise of Continental Divide at Tipton. Diversion of Upper Green River at Green River, Wyo., into present course; interior drainage at

O [ Eruption of Leucite Hills lavas 1.1 m.y. ago {(McDowell, Great Divide Basin; rejuvenation of Green River system.

1871). Diversion of Spring Creek; abandonment of Dutch John Gap.
Continued reexcavation of Browns Park.
Postulated resurgence of Cross Mountain {Hunt, 1969,

© p. 89) and Deerlodge monocline. Superposition of Yampa River at Cross Mountain and Juniper Mountain.

8 Continued northward and eastward tilting of Eastern Uinta |Integration of Yampa River drainage in Uinta Mountains; excavation of Yampa Canyon.

9 Mountains accompanied by faulting of Browns Park For- [ Reexcavation begins in Browns Park valley and Red Canyon.

T mation along northwest margin of Browns Park and | Entrenchment of Green River begins in Lodore Canyon.
structural enhancement of 8rowns Park-Lay syncline.

Overtopping of Browns Park valley with sediment (Browns Park Formation) at Gates of Lodore;

Deformation of Browns Park Formation and growth diversion of Green River southward across site of Lodore Canyon.
faulting in Elk Springs-Maybell area (Dyni, 1980). Deposition of Browns Park Formation 25-9 m.y. ago and possibly into Pliocene time along col-
lapsed axis of Uinta anticline; initiation of Browns Park-Lay syncline by deposition and com-
© paction; ancestral Yampa River empties into Maybell-Lay basin. Filling of ancestral Red

& |Large-scale tilting of Eastern Uinta Mountains; warping Canyon.

_8 and faulting of Gilbert Peak erosion surface; normal | Pre-Browns Park pedimentation northeast side Cold Spring Mountain.

s faulting in Red Canyon-Browns Park area; subsidence | Erosional breaching of Uinta anticline; west to east drainage begins along Red Canyon-Browns
and faulting in Maybell-Lay area; renewed movements Park alinement; southerly drainage begins off tilted Gilbert Peak erosion surface into Red Can-
on Island Park and Disaster fauits in Dinosaur area (fig. yon and Browns Park {Spring, Goslin, Red, Willow, Beaver, and Vermillion Creeks); beheading
30). of Wolf Creek by Hells Canyon; initial drainage Pot Creek and Diamond Guich; initial drainage

Gravitaﬁxe reversal on Uinta fault. of Little Snake River.
West-flowing consequent drainage along site of Yampa Canyon.
Consequent drainage down slopes of Gilbert Peak erosion surface and across Bishop Con-
glomerate on both flanks of Uinta Mountains.

o |Crustal stability. Deposition of Bishop Congiomerate (beginning about 30 m.y. ago); increasing aridity.

& Pedimentation of Gilbert Peak erosion surface; first exposure of Red Creek Quartzite since

s Precambrian time. Truncation of Rock Springs uplift by Gilbert Peak erosion surface.

= Regional uplift; continued differential rise of Uinta Moun- | Regional dissection; lowering of base levels in basins; climatic cooling and drying.

° tains; warping of Colorado Plateau (Hunt, 1969). Eastward drainage of Green River Basin toward North Platte River.

Climate turns cooler and drier.
End of subsidence of Tertiary basins. Continued deposition of Duchesne River Formation (Andersen and Picard, 1972; Emry, 1981).
I
Continued rise of Uinta Mountains. Deposition of Bridger, Uinta, Washakie, and Duchesne River Formations.
Rise of Axial Basin anticline; resurgence of Rock Springs |Blockage of north-south drainage across Axial Basin by rise of Axial Basin anticline.
uplift and Douglas Creek arch (possibly Oligocene); |Extinction of Lake Uinta 41-40 m.y. ago (Mauger, 1977); opening of permanent drainage south
renewed compressive movement on Uinta fault. out of Uinta Basin (Hunt, 1969).
Extinction of Lake Gosiute 45-44 m.y. ago (Mauger, 1977).

e Interconnection of Lake Gosiute and Lake Uinta about 45 m.y. ago.

3 Burial of Rock Springs uplift by Green River Formation (Roehler, 1965).

] Burial and inundation of Douglas Creek arch, but thinning of Green River Formation and Wasatch

Formation across arch (Dyni, 1981, p. 100).
Continued subsidence of Tertiary basins. Expansion of Eocene Lakes Uinta and Gosiute, Green River Formation.
Continued alluviation, Wasatch Formation.
Uinta Mountains eroded to Precambrian core; development of Wild Mountain upland erosion
surface across Eastern Uinta Mountains.
2,400-3,050 m of dissection into crest of Uinta anticline.

© Unconformable overlap by Fort Union Formation across Cretaceous rocks (Erickson, Rock

& Springs, and Hilliard Formations) of Eastern Uinta Mountains; thinning of Fort Union over Rock

8 Springs uplift {Roehler, 1961); truncation of Cretaceous on Douglas Creek arch and Rock

2 Springs uplift.

a | Compressive movements along Uinta, Yampa, and Island |Consequent drainage off Uinta anticline and beginning of subaerial erosion; alluviation begins
Park faults and others. in newly formed basins; inception of Lake Uinta (Ryder and others, 1976).

0

3 [Initial rise of Uinta Mountains, Rock Springs uplift and |Withdrawal of Cretaceous Interior seaway.

8 Douglas Creek arch and subsidence of adjacent basins

'E (Bradley, 1964; Gow, 1950; Hansen, 1965; Hunt,

5 1956, 1969; Ritzma, 1965a; Roehler, 1961).






































































DRAINAGE DEVELOPMENT

erate extended deep into the mountains as a network
of coalesced alluvial fills (figs. 5, 8, 13, and 37). On
the south slope of the range the Bishop is still so widely
disposed along and near both rims of the canyon that
there can be no doubt about the superposition of the
river through it. Quite likely, a shallow south-flowing
drainage had already been established over the site of
Lodore Canyon on or through the Bishop Conglomerate
at the time of spillover. If so, the Green simply took
advantage of the already available course.

This concept calls for a much-thickened valley fill in
Browns Park and for the subsequent removal of much
of it by the Green River, but the evidence seem irrefut-
able. East of Lodore Canyon the Browns Park Forma-
tion still reaches altitudes comparable to the rims of
the canyon, which are about 2,285-2,315 m. The highest
little-deformed remnant is at John Weller Mesa (shown
on fig. 13), on the drainage divide between the Green
River and the Little Snake River, 30 km southeast of
the Gates of Lodore. There, the eroded top of the
Browns Park Formation is about 2,195 m above sea
level. John Weller Mesa slopes gently northeastward
and probably has been gently tilted in that direction.
Beds stratigraphically higher in the Browns Park For-
mation crop out to the northeast but, because of dip,
at lower present altitudes. Twenty kilometers north of
John Weller Mesa at Dry Mountain, remnants of the
Browns Park Formation stand even higher—2,340 m—
in an area that has been involved in strong late Ter-
tiary warping. Their altitude may formerly have been
higher than now.

In any event, a vast amount of material has been
removed from the valley since the onset of canyon cut-
ting. The highest part of John Weller Mesa is 540 m
above the level of the Green River at the Gates of Lo-
dore, a height only about 122 m lower than the canyon
rim, or about 82 percent of the height of the canyon
wall. A rough guess would place the volume of material
removed from the old valley of Browns Park below the
level of John Weller Mesa at 210 km®. (Here, the “old
valley of Browns Park” is considered to be the area
between the head of modern Browns Park, to the
northwest in Utah, and Lone Mountain, to the south-
east in Colorado—a total length of about 72 km.) If
the fill reached to the rim of Lodore Canyon, as post-
ulated here, about 80 km?® of additional fill must have
been removed. An even larger volume of Browns Park
material has been eroded from areas to the east in Mof-
fat County, and much more still remains.

The above hypothesis varies from views of earlier
workers. Major Powell (1876), using the Uinta canyons
as his type example, advanced the then-new concept
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of antecedence, which assumed erroneously that the
Green River predated Laramide uplift of the Uinta
Mountains and that as uplift progressed the river kept
pace in eroding its canyons. Powell alluded to a station-
ary saw cutting a moving log: “the river was running
ere the mountains were formed * * * before the rocks
were folded” (Powell, 1876, p. 152). Antecedence is an
elegant concept, but cogent evidence rules it out for
the Eastern Uinta Mountains, as S. F. Emmons (in
Hague and Emmons, 1877, p. 194) was the first to point
out.

Noting the abundance of high-level Tertiary deposits
(Bishop) in the mountains, Emmons advocated super-
position, a concept that nearly coincides with the view
expressed here. Bradley (1936, p. 189) agreed that the
Green was superimposed upstream and down from Lo-
dore Canyon, but he doubted the supposed depth and
extent of the old Tertiary fill and, elaborating on a sug-
gestion of Sears (1924a), proposed instead that an an-
cestral east-flowing Green River was captured by a
small but vigorous stream in Lodore Canyon, “Lodore
Branch of Cascade Creek,” and was thus diverted
southward. (Cascade Creek is now Pot Creek.) This
hypothesis disavows any extraordinary thickness of
Browns Park fill and calls for headward erosion by “Lo-
dore Branch,” rather than a spillover by the Green,
as postulated here. Bradley did not address the difficult
problem as to how a small stream with a very small
watershed in hard rock would erode across a divide to
capture a much larger stream—a problem obviated by
spillover. Hunt (1969, p. 90-99), in his brilliant analysis
of the history of the Colorado River and its tributaries,
proposed a compromise position between Powell and
Emmons, a combination of antecedence and superposi-
tion, which he called “anteposition.” Also questioning
the extent of the fill, Hunt suggested that much of the
depth of Lodore Canyon is an erosive response to re-
newed uplift of the range since the drainage was estab-
lished. Hunt’s surmise probably is true, but there is
no known demonstrable evidence that the canyon area
has been uplifted differentially relative to the valley
of Browns Park in a way that would account for the
depth of Lodore Canyon. The evidence suggests other-
wise: The Green has eroded hundreds of meters down-
ward in Browns Park also. The small difference in al-
titude owing to post-Bishop tilting between the head
of Lodore Canyon and Browns Park is just a few
meters per kilometer and, in that short a distance, is
negligible compared to the depth of canyon erosion.
Browns Park and Lodore Canyon are both parts of the
same crustal block, and if renewed uplift has occurred,
it probably was regionwide—epeirogenic—and included
Browns Park as well as Lodore Canyon.
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YAMPA RIVER

The physiographic evolution of the Yampa River in
the Uinta region is more obscure than that of the
Green, and its complete history may never be fully re-
solved. Some episodes in its development, however, are
reasonably clear. Like the course of the Green River,
the course of the Yampa through the Uinta Mountains
is younger than the Bishop Conglomerate; the conglom-
erate is well preserved south of the Yampa River, and
its transport direction was plainly from the north, from
the crestal part of the range toward the flanks at right
angles to the present course of the river. Neither the
river nor the canyon could have existed at the time
the Bishop was deposited. Upstream from the Uinta
Mountains, however, before the main body of the
Browns Park Formation was deposited, an ancestral
stream—perhaps the Yampa—was delivering pebbly
gravel from the Park Range to the basin in the Lay-
Maybell area. This basin was formed after the deposi-
tion of the Bishop Conglomerate; tilted Bishop crops
out on the distal side of the basin, dipping toward its
source.

With the tectonic subsidence of the Eastern Uinta
Mountains, the broad downwarp in the Lay-Maybell
area became an accumulation basin for the dominantly
lacustrine and eolian deposits of the Browns Park For-
mation. Fluvial deposits coarser than medium-grained
sand are rare in the Browns Park of this area (Luft
and Thoen, 1981), and currents were seldom strong
enough to transport pebble-size debris (except at the
onset of Browns Park deposition, when the basal con-
glomerate derived from the Park Range, described on
previous pages, was laid down).

Through drainage, therefore, was weak during de-
position of the main body of the Browns Park Forma-
tion. No outlet from the basin at that time has yet been
identified, but trunk drainage probably skirted the
north end of Cross Mountain, essentially along the
present course of the Little Snake River between Cross
Mountain and the easternmost Uintas. It then probably
turned west along the present Yampa Canyon. (See dis-
cussion of Deerlodge monlocline, p. 53.) The Yampa
River as such did not yet exist through Cross Mountain
Canyon or Juniper Canyon, because both are superim-
posed canyons that postdate the deposition of the
Browns Park Formation. In any event, drainage proba-
bly was overwhelmed by sediment. The abundance of
eolian bedding in the Browns Park Formation in the
Lay-Maybell area suggests aridity, and the meager
runoff into the rather capacious basin may have been
incapable of overtopping the basin rim. Basically, the
Lay-Maybell area was an aggrading sink throughout
Browns Park time. Dyni (1980) noted sandy calcitic con-
cretions within the eolian sequence and thin horizontal

beds of sandy limestone that he regarded as deposits
of interdunal ponds. Continuing subsidence of the basin
floor, moreover, may have prolonged its filling.

Downwarping of the magnitude indicated by the dis-
placement of the Gilbert Peak erosion surface and the
Bishop Conglomerate must have required a long period
of time. Guided in part by faulting, the ensuing basin
over the subsided Uinta arch was partly structural and
partly erosional, and concomitant runoff from the
higher mountains to the west must have followed avail-
able low ground and weakened rock. Erosional breach-
ing of anticlines is common in a first cycle of erosion
following uplift. A prominent set of joints parallel in
trend with the axis of the Uinta anticline, moreover,
suggests lateral extension normal to the axis. Such
fracturing along the crest of the fold would abet breach-
ing. Thus, the depositional basin in the Browns Park-
Lay syncline nearly coincides with the subsided Uinta
arch and Axial Basin anticline. Inasmuch as the subsi-
dence and valley cutting postdated the deposition of the
Bishop Conglomerate and predated the deposition of
the Browns Park Formation, a significant time break
must have intervened between the deposition of the
two formations. Radiometric dating indicates a break
of perhaps 4 m.y. (See paragraph on age of the Browns
Park Formation, p. 31.)

Meanwhile, drainage must have begun to develop
along the present course of the Yampa River in Dino-
saur National Monument soon after the Gilbert Peak
surface was formed and the Bishop Conglomerate was
deposited. That area is an asymmetrical, partly faulted
structural trough between Douglas Mountain to the
north and Blue Mountain to the south (Hansen and
others, 1980, cross sections), and the early drainage
should have been guided by the trough into a roughly
east-west trend. The exact course is unclear; I view
it as flowing west but extending itself east by head-
ward erosion, possibly as far as the east boundary of
the monument. Structurally, the trough is not nearly
as deep as the Browns Park-Lay syncline, but it is
deepest along its southern border next to the Yampa
fault. Bishop Conglomerate is preserved at the east and
west ends but not in the center; the Gilbert Peak ero-
sion surface is sparingly preserved as accordant
ridgelines and summits and, as noted previously, it
slopes gently eastward and northward in response to
post-Bishop tilting.

Thus, the westerly flow of the Yampa River in Dino-
saur National Monument is against the direction of the
present slope of the Gilbert Peak erosion surface. The
rim at Harpers Corner, near the confluence with the
Green, is more than 300 m higher than East Cactus
Flat; westward drainage, therefore, must predate east-
ward tilting. Otherwise, the Yampa would have flowed
east and would still do so.
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bid, seasonally warm water, and their former ranges
were mostly restricted to the main stem of the Col-
orado River and the downstream reaches of its larger
tributaries, such as the Green and the Yampa, where
the water is suitably warm in summertime to sustain
the habitat (Behnke and Benson, 1983).

Nonendemic fish native to the upper Colorado-Green
drainage include cold-water, clear-water species trans-
ferred from the Columbia River basin in geologically
recent time, such as the cutthroat trout (Salmo clarki),
mountain whitefish (Prosopium williamsont), speckled
dace (Rhinichthys osculus yarrowt), and sculpins of the
genus Cottus. None of these fish is indigenous to the
North Platte drainage, although they thrive elsewhere
in the headwaters of the Missouri River basin. All have
close ties to the Columbia River basin.

A mountain sucker, Catostomus platyrhynchus, is
native to both the Green and the North Platte drainage
(R. J. Behnke, Colorado State University, Department
of Fisheries and Wildlife Biology, written commun.,
1983; Behnke and Benson, 1983) and poses a perplexing
question, therefore, of interbasin fish dispersal. This
fish also formerly lived in Picket Lake—a small lake
without outlet in the Great Divide Basin—along with
the lake chub, Couesius plumbia, which was native to
the Sweetwater River but not the Green. Both species
have been extirpated from Picket Lake by introduction
of exotic species (G. T. Baxter, University of Wyoming,
written commun., 1983).

Because of the marked differences in the native fish
faunas of the Green and the North Platte, the Upper
Green is postulated to have been captured at a time
and under circumstances unfavorable to the interbasin
transfer of fish populations. The least favorable time
would have been at the height of a glacial stage, when
the riverine environment was cold and hostile and the
headwaters were locked in ice. At such a time the
Green River Basin was a frigid semidesert, cold in sum-
mer and bitterly cold in winter. Widespread relict frost
wedges, frost polygons, and remains of cold-climate ter-
restrial fauna suggest the existence of permafrost and
a periglacial tundra throughout the intermontane basins
of Wyoming during late Pleistocene time (Mears, 1981).
Malde (1961) noted similar evidence in western Idaho
and adjacent areas. Mears calculated that the average
Wyoming temperature in late Wisconsin time was
10°-13°C colder than now. Similar conditions probably
prevailed during pre-Wisconsin glaciations.

The Green River Basin today remains one of the col-
dest areas of Wyoming, winter and summer (Lowers,
1978). Hardly in jest, the local people proclaim Big
Piney, Wyo., the nation’s icebox. The prediversion fish
of the Green River Basin—linked to the North Platte
and adapted to more moderate climates, therefore—
would have been forced far downstream to warmer

waters during the climatic deterioration of a glacial
stage, leaving the basin void of fish life. East of Wyom-
ing, the midcontinent was ice covered as far south as
northeastern Nebraska during the Wisconsin stage, and
even farther south during earlier glaciations (Flint,
1955, fig. 27; Mickelson and others, 1983).

Eroding northward from Flaming Gorge toward
Green River, Wyo., the stream that captured the
Upper Green River probably was ephemeral and con-
tained no viable fish population. Inasmuch as its
watershed was the dry, central part of the Green River
Basin—even drier in late Wisconsin time than now
(Gates, 1976)—it probably held little if any water ex-
cept during prolonged wet periods or after heavy show-
ers, when its flow would have been large and energetic.
Moreover, because it was working headward through
the saline Wilkins Peak Member of the Green River
Formation, it would have contained high concentrations
of alkaline salts. I, therefore, postulate a vigorous but
ephemeral stream, devoid of fish life, capturing a much
larger but also fish-free Upper Green River whose indi-
genous North Platte fish population had been forced
far to the east, out of the Green River Basin, by the
harsh Pleistocene climate and, perhaps, by the turbid-
ity of the glacial meltwater. At that instant in geologic
time, the entire drainage of the Upper Green was
diverted south through the Uinta Mountains, and the
diversion was without any transfer of fish populations.
Then, with the warming of the interglacial climate, the
endemic warm-water species of the Lower Green began
to colonize the Green River Basin.

The native but nonendemic cold-water fishes of the
headwaters and mountain tributaries of the Colorado-
Green River system—the cutthroat trout, mountain
whitefish, speckled dace, mountain suckers, and scul-
pins—are all regarded as geologically recent entrants
into the drainage system, inasmuch as they have
evolved but little since their interbasin transfer
(Behnke and Benson, 1983, p. 9). Because they are ab-
sent from the North Platte drainage (except the moun-
tain sucker, Catostomus platyrhynchus), they must
have migrated into the Green from the Columbia River
basin by way of the Snake River, rather than by way
of the Missouri, after the Upper Green was captured.
Though absent from the North Platte, all these fish
are native to the Upper Missouri; Marias Pass in north-
western Montana was an obvious transfer point across
the Continental Divide, according to R. S. Behnke
(written commun., 1983), until it was blocked by rail-
road construction early in the 20th century. The cut-
throat trout, the species most adapted to cold water
and least tolerant of warmth, never became established
much below Great Falls, Mont. The whitefish reached
the mouth of the Yellowstone but no farther down the
Missouri, and the mountain sucker, the most warm-
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tolerant species, became widespread throughout the
upper Missouri, including the Sweetwater (R. S.
Behnke, written commun., 1983).

The mountain sucker may have entered the Platte
drainage (the Sweetwater River) from the Wind River,
according to G. T. Baxter of the University of Wyom-
ing, Department of Zoology (written commun., 1983).
If so, it should have transferred from the Columbia by
way of the Flathead, the Missouri, and the Yel-
lowstone. This fish tolerates the warm water of the
Missouri and the lower Yellowstone, but the salmonids
and sculpins do not, hence they were unable to reach
the Sweetwater. The mountain sucker might also have
traveled all the way down the Missouri to the mouth
of the Platte, though the turbidity of the lower Platte
would have been a deterrent to its further migration.

In any event, the cold-water fauna of the Green
River must be high-altitude transfers from the Snake,
since they are not natives of the Platte. The mountain
sucker probably entered the Green along with the rest
of the cold-water fauna, but being native to the Mis-
souri and the Snake, as well as the Green, it theoreti-
cally could have made the transfer in either direction.
The sucker family Catostomidae has a nearly continent-
wide Nearctic distribution, from Arctic Canada to
guatemala (Miller, 1958, fig. 10; Patterson, 1981, p.

74).

The time (or times) of fish transfer to the Green
River is uncertain. At the time of any pre-late Wiscon-
sin fish transfer, the topography of the interbasin di-
vide would have been somewhat different from now,
and possible transfer points accordingly would have
been different also. A likely Holocene or very late Wis-
consin transfer point is a broad, marshy morainal area
straddling the Snake-Green divide in the extreme
northwest corner of Sublette County, Wyo., drained by
Raspberry Creek on the Snake River side and Wagon
Creek on the Green River side (Mosquito Lake 7Y%-min-
ute quadrangle). The headwaters of these streams in-
termingle in a maze of ponds and bogs left behind by
the withdrawal of the large late-Wisconsin (Pinedale)
Green River glacier (G. M. Richmond, oral commun.,
1984). Raspberry Creek is a first-order tributary of the
Gros Ventre River, which in turn joins the Snake in
Jackson Hole, Wyo. Wagon Creek flows directly to the
Green. A few kilometers to the southwest, at another
possible transfer point, Tepee Creek (Green River
drainage) and Kinky Creek (Gros Ventre drainage) are
separated by a chain of lakelets along another obscure
divide in the same Pinedale moraine complex.

In one late Wisconsin transfer scenario, partial with-
drawal of the Green River glacier from its terminus
formed small proglacial lakes on the Wagon Creek side
of the divide. These lakes then spilled north across the
low divide into Raspberry Creek, allowing fish to mi-

grate across to the Wagon Creek (Green River) side.
When the ice melted back far enough to drain the lakes,
the divide closed to further transmigration, and the fish
moved into the Green River drainage. Whether or not
a viable fish population could survive that close to the
glacier terminus, however, is uncertain. The Colorado
River subspecies of the cutthroat trout (Saimo clarki
pleuriticus) requires a water temperature of about
7.2°C for spawning (Behnke and Benson, 1983, p. 29),
and the meltwater temperature would have been close
to freezing. Moreover, the turbidity of the meltwater
would tend to bury and suffocate the eggs and suppress
the growth of aquatic plants and small invertebrates
needed to sustain a food chain. More likely, therefore,
well after deglaciation, a physical connection through
the bogs and ponds allowed fish to move freely from
one drainage basin to the other. Such dual drainage
is not uncommon in glaciated areas. Sedimentation in
the ponds and gradual expansion of the bogs at the
expense of the ponds eventually closed off the transfer
routes.

Various low passes along the present Snake-Green
River divide, including points along the headwaters of
the Hoback River south of Jackson Hole, Wyo., suggest
other possible earlier Pleistocene transfer points, some
probably involving minor headwater stream captures.
Transfers might have happened at more than one place
and time. Twin Creek, near Kemmerer, Wyoming, is
another early possibility, which could have linked the
Bear River and Hams Fork of the Green River, at a
time when Hams Fork was flowing at a terrace level
about 100 m above present grade (Rubey and others,
1975). At that time the Bear must still have flowed
into the Snake. Two Ocean Pass, on the Continental
Divide just south of Yellowstone National Park, is a
modern transfer point from the Snake to the upper
Yellowstone River and perhaps also to the lower Yel-
lowstone and the Missouri (Evermann, 1892, p. 28; Jor-
dan and others, 1930), but the Upper and Lower Falls
of the Yellowstone prevent counter migration from the
Missouri to the Snake. Few fish, moreover, probably
survive the descent of the Lower Falls, which plunge
94 m to a rocky bed.

Fish transfers from the Snake River to the Green
most likely took place during one or more interglacial
stages, inasmuch as the Snake-Green divide was partly
ice clad during glacial maximums, as already noted, and
the streams that remained open probably were heavily
laden with sediment downstream from the glaciers.
These fish prefer clear water and have low tolerance
of turbidity. The subsequent dispersal of the cold-water
fauna throughout the upper Colorado River basin, how-
ever, probably followed during a later glacial stage
(Pinedale?), when the downstream water temperature
throughout the basin was lowered enough to be toler-
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